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December 30, 1975

U. S. Energy Research & Development Administration
Morgantown Energy Rasearch Cantar

P. 0. Box 880

Ccllins Ferry Road

Morzantown, West Virginia 26505

Attention: Mr., W. K. Cverby, Jr.

Re: November Progress Report
Contract No. E (46-1) 8000

Gentlemen:

I am submitting the monthly technical report which
covers the stimlation phase on Well No. 7239 - Nicholas Combs
- located in Perry County, Kentucky. This well was drilled under
the terms set out in Comtract No. E (46-1) 8000.

This report is presented in three sectioms:

1. Experimental Stimalation

2. Stimulation Events

3. Exhibits - which include Mineral Management's
initial completion report.

The stimulation phase of the program went much as
planned with ouly minor problems occurring but the net results
obtained aftar stimulatiocn were discouraging.



U. S. E.R.D.A. ~2= December 30, 1973

-~ Thus far the Company has not received Mineral Management's
final report on the four stage Foam Frac. This report will be
forwarded to you as soon as it is recaived.

* Very truly yours,

céft ég.cjfbvqé,;1/

Chief Geologist
Attachments

CC: Mr. F. O. Christie, Jr. (1 copy)
Qak Ridge Cperactions

(y
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RENTUCRY WEST VIRGINTA GAS COMPANY

PRCGRESS REPORT
EXPERIMENTAL STIMULATICON OF THE
DEVONIAN SHALE FORMATIGN ON

WELL NO. 7239

ERDA CONTRACT
E_(46-1)-8000

INTRODUCTION

Rentucky West Virginia Gas Company submitted a detailed
report July 28, 19735, covering drilling, coring and logging om Well
No. 7239 located in Perry County, Kentucky. dAnalysis from the core
and electric log data was studied and resulted in the selection of
four zomes for experimental treatment onr the Devonian Shale. This
report details the design and implementatiom of the experimental

stimulation.
TREATMENT DESICY

Mineral Management Inc,, Denver, Colorado was selacted
to design and supervise the stimulation of the Devonian Shale formation
on Well No. 7239, using their Foam FracR Method. The Focam Frac
is basically made up of surfactants, water and nitrogen blended into
a foam for the sand carrying ageat. The advantages of the Foam Frac

over a conventiomal water frac are listed as the Zollcwing:



A

1. Greater frac area is creatad with lass water.

2. Formation damages is reduced because less watar
is inoculatad into the Shale formation.

3. Clean-up time is shortened by the return of the
nitrogen and because of the use of less £luid.

Mineral Management dasigned the Foam Frac stimumlation
for the four (4) zones selacted by ERDA and Rentucky West Virginia
Gas Company personnel. Ibeée zones ware 2368-2402'K3; 2410'-2495' XB;
2500°-2575' %3; and 2585'-2680' X3. Stimulation would proceed from
the bottom Shale zone upward.
The detailad design work and subsequent supervision of
the trzatments were done by Hegschel Vaughn of Minerals Management, Inc.

A copy of Mr. Vaughn's proposals is included with this raport. See

Exhibit 1 .
WELL PREPARATION

At the completiom of drilling Well No. 7239, 4 1/2-inch
casing was set through the Devonian Shalzs and cemented acToss the
entire Shale section. A small pay encountered in the Big Lime formation
was cemented through in a second stage cement job., This Big Lime pay
will be fractured in the event of a dry hole or a marginal producar
in the Shale.

On October 27, 1975, Oliver Jemkins Drilling Company moved
a 28-L Bucyrus completim rig over the well. The rig proceeded to

drill out the D,.V. cement stage tool aad clean out the well to total



depth.

CEMENT EVALTUATION

Allegheny Nuclear Surveys, Inc. ran a Cement Quality
Log to evaluata the cement behind the 4 1/2-inch productiom casing.
The log interprerationm indicatad good quality cement throughout
all zonmes of intersst in the Devonian Shale, and the cement top was

at 2150'. A copy of the cement log is attached as Exhibir  II
-WELL TREATMENT

'As stated, the Shale section was separatad into four zones,
with each zome designed to be fraced in a separats stage. Perforatioms
for each were modified for individual zo&e applicatiocn. Each stage
was desigﬁed to be cleaned up and ;ge flow potential measured and

evaluated before proceeding to the succeding stage.

First Stage Frac

The basic design for the first stage was to be a
pump rate of 35 BPM, 75 quality foam, and 47,000 pounds of 20/40
mesh sand through ten perforations. These perforations were to be
0.4l-inch dizmeter holes placed at the following depths: 2604'-2614"
(5 holes), 2649'-2675' (5 holes). The well-head fracturing pressurs
was caleculatad to be 1369 psig, assuming bottom hole fracturing pressure

of 1000 psig and chat all perforationms wers opean. Desigans on



subsequent zones could be modified pending on the results of
implementing the first stags.

The-firgt'staga-frac was completed much as designed, with
ouly minor mechanical difficulties eacountared in the pumping
equipment and pressures measuring devices. The recorded pressures
were lower than anticipatad but this was discovercd later to have
been caused by malfunctioning pressurer recorders which were showing
lower than actual pressures. The foam quality was 697 rather than
tha designed 75%. This difference was caused by a higher water
injection rate chaﬁ was shown on the barrsl counter. These aequipment
controls Qere correctad beforas the second stage frac was initiatad.

In flowing back the first stage, the foam.prcduced at the
well head was much too stable and apparsntly did not brsak b#ck as
designed. As a consequence, fluid recovery from this first stage
was much less than anticipated. This stable foam in the formation
probably restrictad the f£low of gas to the well bore.

At ome point gas from the first zome gauged at 47 MCFD,
part of which was probably nitrogen. This gas production varied
from 0 MCFD to 47 MCFD, depending on the height of the fluid in
the well bore.

A day-by-day account of procedures for each stage is

included within this report. See Section IT .



‘Sacond Stage Frac

A G0, Intarmational frac-over plug was set at a depth of
2590' to separata the first and second stage fracs. The sealing ball
was pumped down with 250 galloms of 15% mud acid and a positive
seal was obtained on the plug. The zone was perforatad by Allegheny
Nuclsar with 10 perforations at the following depths:-2519' , 2522',
2526', 2543', 2550', 2560', 2565', 2572', 2575', and 2.578.'.

The design of the second frac was basically the same as
the first stag;é, with tha aexception of using less surfactant to- -
attempt to get a controlled break-back of the foam.

' The initial pressure on the second zone was higher than
antiéAi;:ated which indicated that sdme perforations were not opemn.
Five perf balls were dropped in an attempt to oven additional
perforations. The pressurs chart indicated that some of the perf
balls seated and additicmal pe:forat:ions were opened. This resulted
in the well head pressure being lowered approximately 200 psig.

This stage wﬁs campleted much as designed, although the
total volume of fluid and sand was less than anticipatad due to the
amount of nitrogen expended intially on the ball-out procedure.

The foam produced from this zone after the frac was
mich lass stable than the first zome, indicating a bettar down-hole
break-back. Approximataly 707 of the fluid injectad in zone two

was recovered resulting in a much better clean-up.
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At this time 2-inch tubing was run into the well Qith a

stinger installad on the bottom to separata the first and second
zones. Befors the tubing was stung into the frac-over plug, a
small amount of crude;oil was swabbed out of the tubing. The
wellvwas swabbgg several times at this point to cleam up any fluid
remaining in th; bore holae. The tubing was stung into the frac-over
plug. and the lower zone swabbed through the tubing. Very little
fluid was recovered through the tubing and gas was negative from
the first zome. The annulus pressure was not affectad by swabbing
tﬁe tubing which indicated no communication between the two zoues.

- The éas tegtaed approximacaly 70 MC?D from the casing
head which was coming from zone two. Following the tasting of zome twao,
the tubing was tripped out of the hole. A problem of intermittant
grabbing and releasing was encountered on the first eightsenm joints, then
the problem cleared up. This difficulty appeared to be in the
vicinity of the D.V, stage tool at a depth of 20435 feet. TFrom the
difficulty of pulling the tubing and the forementioned appearance
of oil in the hole, it was theorized that the D.V. tool had by scme
unexplained reascn become open. After the tubing was tripped, the
frac-over plug was drilled out and preparations made to test the

4 1/2-inch production casing.



A Balliburton Speed-Z-Line bridge plug was set at 2502'
and the casing prassured up to determine 1f 3 leak existed, This
test showed a casing leak. McCullough Services was employed to rum
an Irtdium - 192 Liquid Tracer to pinpoint the casing leaks. They
proved the fluid to be leaving through the DV stage tool. This leak
was repaired by squeezing 25 cubic fast of neat cement. ter the
cement cured, the»hole was clsaned ocur to the bridge plug set at

2502°'.
Third Stage Frac

The third stage was perforatad with 10 jets at the
following depths: 241.9'., 2423, 2427, 2444', 2449', 2454', 2469',
2475, 2484', and 2488, The first gum interval (2469 to 2488)
when fired increased .the gas from O MCFD to 39 MCFD which
indicated either (a) possible cummnication between the lower zones
and zome three, or (D) pemetration of 2 gas pay by the perforations.
At this time there was no practical way to distinguish between the two
above possibiliﬁies. Therafore, it was decided to proceed to
frac zome three and determine from the formation bz;;aa.kdown if
cummunication had been established with the lower zomes.

Due to the problems encounterad with the D.V., stage
tool, it was decided to treat zome thrse through tubing to prﬁtect
the squeezed area. A string of two-inch tubing was installed
in the well wich a 3aker tensiom packer at the base, 2ad the annulus

was loadad wizh watar.



The third stage frac was re-designed to allow for greater
friction pressure generataed by treating through tubing. The design
was for a surfaca pressure of 3700 psig and a pump rata of 25 BPM.

The formation bréakdcwn pressure was higher than calculared
which indicated 1o communication between zome three and the lower
zones. Five perf balls were pumped into the well to cbtain maximm
breakout perforations. The perf balls were removed frcm the perfs.
Actual treating pressu?e and injection ratas were clogse to that
predicted. The total sand used in this stimulation was less than
originally planned.aue to the amount of nitrogen expended in balling
out.. .

Ten (10) millicuries of radiocactive tracer sand was run
with this treatment to attempt to determine the extent of the fractura.

ter approximately 125 barrels of fluid was recovered
on cleanup the gas gauged 50-60 MCFD. Recall approximately 40 MCFD
of this gas was present before fracturing. After the flow tast
was completed, the two-inch tubing was pulled from the well and
the Halli§urton bridge plug was drilled out and pﬁshed to bottom
without incident. There was no apparent pressure buildup under the
plug.

A gamma-ray tracer log-run at this time indicated the
frac stayed within the zone of interest. However, thers was some
indication of down hole migratiom of the tracer sand, but this
migration did not indicate communicaticn with the lower zomes.

A copy of the tracer log is included in this rsport. See Exhibit III.



It was decided at this time to pressure tast the casing
to determine if the squeezed cement in the D.V. stage tool zome
would stand the treatment pressures calculated for the fourth stage
frac. A Halliburton Speed-E-Line bridge plug was set at 2410' and
the casing pressursd to 1900 psig. The tast pressure indicated an
affactive geal on the squeezed area at the D.V, tool. It was daecided

that tha fourth stage Zrac could be performed tchrough the casing.

Fourth Stage Frac

. The fourth stage frac desizn was mﬁchvche same as the
first and second stages. The calculazed pressure was 1300 psig
with an ipjecticn rata of 35 BPM. Ten perforatioms for the
fourth stage were placad at the Sollowing depths: 2326', 2330',

' '
2335', 2383', 2368', 2373'33;?85', 2388', and 2393'., Imitial
treating pressures were higher than anticipatad on this zone.
Following the tachniques used in previous zonmes, five (5) perf
balls were dropped to assure opening of additiomal perforatioms.
The sand concan:ratiou'was increased tsc a maximum of ninme (9) pounds
(10/20 mesh sand) per gallen om surface or the equivalent of two 2)
pounds per gallon at the perforation emtrances. This was the highest
sand concentration attemptad during the four treatments. Tracer
sand was run on this zome to detarmine the vef:ical extant of the

induced Zrac.
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On cleanup, after 136 barrels of fluid had beem recoveread,
gas gauged 61 MCFD.

The bridge plug was drilled out without incident and no
evidenca of pressure buildup was found undermeath the bridge plug
as previously anticipatad. A gamma-ray tracer log showed the
frac stayed within the zone of {nterest' however, it in&icat;d that
the three (3) perforatiomns in the Sunbury Shala possibly did not

take any of the fracture treatment. This completad the mechanical

phase of the stimmlation program.
TESTING

Upon completion of the planned stimulation program, the
tubing was ra-installed in the well to a depth of 2662'. The well
was altermately blown and swabbed for a aumber of days t§ obtain
a removal of remaining frac f£luid. The gas from all four (4) zomes
aré combined into ome gas stream, and the total open flow om all
four gas zones gauged from 42 MCFD to 493 MCEFD. t was detarmined
that the blowing gas emergy could remove the small amount of returning
frac fluid, so the completion rig was released December 8, 1975.

The well was shut in and the surface pressurs at the
wall head gauged 260 psig in 48 hours. This pressure was approximately
220 psi lower than other complatad Shale wells sitmt-in pressure

in this immediata area. The well hasg been bléwn periodically since
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this time for short duratioms to remove remaining frac fluid from

the bora hola.
CONCTUSTIONS

Well No. 7239 had a :oél of 14 YCFD open flow from the
Devenian Shale upon completion of drilling operatioms. At the date
of this report, the well has testad a total of 42 MCFD from tle
four stimlated zomes, or omly an increasa of 28 MCFD. It is hoped
that this flow potential will improve after a series of short flow
cleanup periods to remove remaining frac fluids.

This report is primarily concerned with detailing the
design and ﬁﬁplementa:ian of stimulating Well Wo. 7239; however,
the following points can be drawn from preliminary analysis of

the results.

1. The mechanics of Foam Fracfuring can be designed
and implementad with a rather high degrse of accuracy.
The Foam Frac will tolerate and carry a large
concentration of frac sand into the formatiom.

2. The nitrogen used as an ingredient in the Foam Frac
is an effective aid in cleaning the Devonian Shale
well after stimulation.

3. The surface pressure omn Well No. 7239 is low
compared to other Shale wells in the area. TPossibly
formation damage and frac £luid £1ill up in the
bore hole account for this low pressure.

4. The Devonian Shale in Well No. 7239 has not
responded successiully to the Foam Frac stimmlacion
when compared to other Shale wells in this area
stimulated by couventional water ZIracs.



RECOMMENDATTIONS

The results obtained in stimulating the Devonian Shale
in Well 7239 are disappointing and are certainly below what cam be
considered coumercial or economical. However, this is a research
program and deserving of additional tests and studiss; therefore,

the following recommendations are suggestad:

1. The core data should be further investigated to
datermine the effects of exposurs to similar fludd
used in frac programs. Special emphasis should be
placad on chemical studies of possible clay swelllng
or any other type damage thar may occur.

2. 1If the chemical analysis indicates formation damage
then special studies should be placed on chemical
control of such damage in furure stimulation designs.

3. Bottom hole prassure tests should be made on Well
7239 in an attempt to determine and explain the low
surface pressurs. Also isochromal flow tests should

be made to project possible delivery performances
of this well.

*4, Well 7239 should be connected to the pipeline systam
and placed on delivery. The production results should
monitored closely for six mounths and if the rasults
are extremely poor, which is suspected, then the well
should be released to the Company for completiom of
the Big Lime zome. If this is not successful thea
the well should be plugged.

*NOTE: A meter has been set to measure the gas from this
well and large parts of the pipeline have been comstrTuctad. This work

has been halted temporarily due to coal operatioms which have disruptad

and takan out of service some 2000' of the gathering line in this area.



COMMENTS

The engineering and mechanical performances of stimulating

Well 7239 can be considered a succass. The program went for ﬁhe

most part 2s planned with no insurmountable problems being encountered.
However, as oftan experienced in industry, many geological and engineering
successes do not always turn out tao be econcmically feasible, and based
upon open £low potential t:o. data, this well can be placed in this
category. .
There remains much evaluation work on the program by
ERDA personnel, and concievably through these studies a tachmological
breakthrough may be achieved which will enhance recovery of gas from

the Devonian Shale.
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STOUTATION TVENTS — 2ol A3 T

WELL ¥O. 7239

Move work over rig on location

Rig up. Drill ocut Halliburtonm D.V. cement stage tool.
Clean hole to 2697' PB3TD. Dump fresh watar and swab dry.

_Hole clean.

Load hole with fresh water and run Allegheny Cement Qualiry
Log. Cament log indicatad good cement. Cement tops

First stage - 2150' , Second Stage - 1838'. D.V. stage

tool 2034-2038. (Allegheny log racords ome (1) foot aigher
than Schlumberger open hole log. This variance in footage
will change at diffsrent depths due to mechanical changes
in logs from heat generatad in copying the logs.) Cpen
hole wash out - 2498'-2516' - Poor cement

Swab hole to 2300' to lessen hydro-static head on Devenian
Shale before perforating., Had slight show of gas ahead

of swab. Ran Allsgheny High Resolution Thermometar to
locate point of gas entry. Log ianconclusive due to watar,
which was laft in collars while swabbing, dripping down hole.
Decision made to go ahead with perﬁoraclons. Probably
slight collar leak.

Perforated with 3 18" hollow steel carrier gum, with ten
(10) Demsi-Jet, .41" diameter shots at the following depths:
2606', 2608', 2610', 2612', 2614', 2649, 2553, 2657, 2661'
2665

Swab hole dry to 2697' PBTD. Well head open to atmosphere.
No gas '

Clean up well. Prepare to Foam-Frac first stage

Install 4 1/2" full open master gate valve (3000 psi test)
on casing head



Dump- one hundrad (100) gal. Dowell regular mud acid.
Foam Frac first stagse:

Total Fluid 51,300 zals.
Sand. 45,000 1lbs. 20/40 mesh
Foam G@ulity 58
Nitrogen 294,488 SCF
7,818 SCF/mia.
Water 350 Bbl. in Treatment
50 Bbl. in Breakdowm
Potassium 3,000 1lbs.
Calcium Chloride 200 1bs.
Scap (FS2B) 45 gals.
Prassures Dowell - Ry. W. Va. Gas
Dowell ATR Martin-Deckar Recorder
Break 950 PST 1250 PsI
After Break 500 525-550
Frac Press. 950 2150-1300 .
After Frac . 500 625 ' 670

Immediate shut in - (Dowell ATR) - 900 psi
Avg. Treating Press. (Dowell ATR) - 950 psi

FIRST STAGE FLOW BACX

Flow Back Well Head
Date Time Tirze Choke  Pressure Comments
10-31 5:00 om 0:00 10/64 660 Ny omly - prassure dropping
5:18 pm 0:18 18/64 330 N2 ounly
5:24 0:24 18/64 450 Hp0 to surface - no sand
5:35 pm 0:35 18/64 240 Good HyQ return
6:00 pm 1:00 18/64 140
6:20 pm 1:20 18/64 230 Pressure incweasing
7:00 pm 2:00 18/64 320
7:30 pm 2:30 18/64 370 No & Hp0 - small amount sand
11:00 pm 6:00 18/64 430 Max. prassures buildup
11-1 7:30 am 14:30 18/64 175 Prassure drop constant
26/64 Change choke. N, & Hy0 smll amount sand
8:00 am 15:00 26/64 100 Liquid recovery - 100 bbls.
10:00 am 17:00 18/%84 20 No & Hy0 large amrt. sand - changs
choke
11:00 am 13:00 18/64 40
5:00 pm 24:00 18/64 Liquid since 10 pm - 20 bbl.

aporox. 130 dbl. Sack. approx. 20

sand back. N3 & 90 - small amr.
sand recurning.



24:00 486/ 64- 20 Change Choke

11-2 7:00 am 38:00 46/64- 0 Flow liquids by head. Gas will bu:
Estimate gas at less than 20 MCIFD.
Liquid recovery last 13 hrs. = 23
8bls.. Total Liquid Recovery - 17
Bbls., - Total Sand Racovery = appr
400#

11-2-75 Check sand for fillup in casing with bailer. Thirty-iive (35)
foot fillup. Canmoct bail out. Wait om sand pump.
Made approx. 15 bbl. fluid. Sand coming back. TFoam very
stable. Not breaking back as it should. Shut well in over-
night., Gas approx. 20/10 W 1" - 47 M

11-3-75 12 Zrs. shut in - 390 psig

‘Mix sand in well with clay and stir up with tools.
Bail samd out to T.D.. Approx. 200 bbl. £luid back at this
time,., Shut well iz overmight. Gas - slight show.

11-4-75 12 hrs. shut in - 350 psig. Shut well in and flow
No sand. Very little fluid. Run swab. Shut well in
overnight. Gas - not enough Zo Zauge.

11-5-75 12 Hrs. shut in - 330 psig. Blow well off. Producing mostly
stiff foam. Sand has fillup approx. 1 foot. Leave well
open to atmosphere. Not enough to gauge

11-6-75 Set Go Intermatiomal frac retainer bridge plug by
Allegheny at 2590'. Pump sealing ball dowm with 230
gal. regular mud acid with 5 bbl. watar cushion om top
of acid.

Allegheny perforated with 3 1/8" hollow steel carrier
gun with 10 - .41" Demsi-Jets at the following intervals:
2519', 2522', 2526', 23543', 255Q0', 2560', 2565', 2572',
2575, 2578'

Calibrate Dowell ATR and Martin-Decker Recorder to dead
waight gauge. Foam frac second stage.
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7:00
9:Q00

12:00

Average Injection Ratz
Average inj. Rate - Watar
Average Inj. Rata - Nitzrogen
Average Treating Pressurs
ST

Total Fluid

Frac

Breakdown
Flush

Total Nitrogen
Total Soap
Soap Injection
Perf Balls
Total Sand

Calcium Chloride
Potassium Chloride

FLOW 3BACX - SECOND STAGE

P ——

Flow Back Well Bead
Tire Chokes DPrassura
pm 0:00 - 18/64 690
P 1:00 24/ 64 500
m 2:30 18/64 300
P 3:00 18/64 550
am 17:00 48/64 160
am 20:Q00 48/ 64 0

,‘_\

32.9 BFM
3.5 BPM
9030 SC=M
1569 PSIG
900 PSIG
47,000 Gals.
293 Bbls. Water
58 Bbls. Water
41 Bbls. Watar
361,000 sCT
30 Gals.
1.75 Gals./1000
5
29,000 lbs. - 20/40/sand
7,000 1bs. - 10/20 sand
400 1bs.
7,000 1lbs.

Comments

Hp0 & N2 to surface

E,0, N, and small amt. sand

N7, EZD and large amount sand, (approx.
300 bols.) ,

N9, H20 and small amt. sand

Change chokas. Attsmpt to unseat
frac bhall.
Well blowm down. Did not unseat ball.



11-7-75

11-8-75

11-9-75

11-10-75

Well open to atmosphere. Flowing watar and foam. Foam
breaking back better than first stage. Approx. 130 bdbls.

fluid recovered. Shut well ia and let pressura build to 180
psig. Attempt to blow ball out of frac-over plug. Ball will
not come out. Rig up tools and fish out ball., Recrieve frac
over ball and four perf balls. Perf balls did aot indicate
that they had seated. Gas at this time gauged 40 to 350/10 W 1"
66 to 74 MCFD. Swab well approx. 15 bbl. fluid back. Laave
open overnight.

8:00 a.m. - Gas Gauged 30/10 W 1" - 58 MCFD. Well flowing
foam intermittendly (approx. 3 to 5 gal. each time) Swab
well to 2200'. Recover apvrox. 10 bbl. fluid - Yo sand
coming back. Run 2" tubing to 2' - 3' above frac over

plug with stinger om tubing. Swab tubing until dazk. TVery
little fluid recovery. Head pressure picked up zo 130 psigz.
shut well in overmight.

8:00 a.m. Tubing Pressure - 390 PSIG
Head Presssura -~ 350 PSIG

Blow tubing in tanks. Recover approx. 10 bbl. £luid.
Leave well open.

4:00 p.m. - Gas 20/10 W 1" - 47 MCFD - Shut well in
overnight.

6:00 a.an. Tubing Pressure - 250 PSIG
Casing Head - 275 PSIG

Open wel to tank and recovered approx. 2 bbl. £luid. Well

blew down in ome hour. Recovered slight stain of oil. Start
swabbing tubing with casing head at 175 psig. Run swab to 2583’
Pressure in casing dropped to 100 PSIG and held stsady. Liquid
recoverad was black, watar cut crude oil. Estimated recovery -

3 bbl. water and approx. 1/2 bbl. crude oil. Crude was exrtremely
black, fairly viscous. (Checked sample of crude oil at
Prestonsburg office - 32° API @ 60°F or sp. gr. of .8633. This
crude is not a typical Big Lime Crude oil.)

Sting tubing into frac retainer plug and swab lower zone
with upper zome shut in. Casing pressure builz to 75 psig,
and was not affected by swabbing of lower zome, (indicatiag
thers was no commnication between zones). Liquid recoverad
from lower zone mostly water, slightly foamy and very slighc
cut of oil. Tested gas from both zcones through a 1" opening.



6.

Gas from the lower zone was completely dead. The upper
zome stabilized ac 40/10 W 1" - 87 MCFD on approx. a two
hour tasc. :

Pulled stinger ocut of frac retainer and tripped tubing,
Tubing hanging every 30' for the first 18 joints (tubing
would hang then jump free.) All tubing out of hole at
4:30 p.m. The bottom 13 collars showad evidence of hanging
. on scme object. Tubing tally indicatad problem area to be
in vicinity of the cament DV stage tool.

11-11-75 Rig up drilling string and start to spud on frac retainer
plug. Plug drove 2' to 2592' in first 15 minuras., Retainer
released at 3:15 p.a. and was driven down hole to 2586'.
Fillup with ratainer and frac samd is 11 faec. Continue to
drill om plug. Jars om drilling string unscrewad and left in
hole. Run in hole and fish out om firsc trip. Cannot push
plug below 2586'., Laft well open overmight. CTCecide toc set
bridge plug at 2502' and test casing for leak.

11-12-75 Swabbed casing and racoversd 1 to 2 bdols. of 2lack crude oil.
Allegheny Nuclear Surveys set Halliburton Speed-Z-Line
bridge plug at 2502'. Rig up Dowell cemencer and pressure
up on casing. Casing leaking at approx. 1000 psiz and at
5 BPM. This pressure indicatas a2 small leak, I£ D.V. tool
were wide open pressura would be much less. Release
Allegheny and wiat for MeCullough to run liquid isotope
tracer.

11-13-75 McCullough ran Iridium 192 and Liquid Isotope Injection
Log, which indicated fluid leaving che casing ac the D.Y.
stage tool and traveling down the outside of the casing.
Traced fluid dowm to 2053'. Could not move any further at
5-BPM. Yo indication of Movement of £luid helow the LV
tool inside the casing.

Rig Dowell up to squeaze cement DV tool. Pumped 25 cu.

ft. of Class A cement with 2% CaCl;. Pumped plug to 1325°

at 3 BPM and 700 PSIG and shut down for 3 minutas (6 cu. £ft.

in formation) Pumped plug to 2000’ at 1 3PM and 630 PSIG and
shut down for 15 minutas (23 cu. £t. in formation). ISIP

was 500 psig. Pump plug to 2026 at 1 BPM and 850 PSIG. ISI? -
500 PSIG. Shut down for 12 hours.

11-41-75 Drill on cement plug. Yo cement in pipe at 2040' az D.7V,
tool. Tools go to 2490' (12' £illup on top of plug at
2502'). Drill to 2498'. Leave 4 faet fillup on =op of plug.



11-17-75

11-18-75

Dowell dump 100 gal. regular mud acid with 5 bbl. water
cushion on top. Allegheny perforate third zome wich 3 1/8"
hollow steel carrier gum with 10 - .41" Densi-Jets as Zfollows:
2419', 2423', 2427', 26441, 2449', 2434', 2469', 2475', 2484,
2488 :

Pizst gun shot coversd intarval from 2469' - 2488’

At this time gas increased from Q0 MCFD to approx. 39

MCTFD, indicating possible communication with the second
frac zome. Checked the plug at 2498' and apparently was
holding. Communication possible outside the 4 1/2" casing.
Finished perforating casing and arranged for MeCyllough to
ran radiocactive tracer sand on the third stage frac. 2an
2-inch tubing on Baker packar %o 2332'. Load annulus with
watar (18 bbl.) Gas from tubiag 14/10 W 1" 39 MCFD. Left
well open to atmosphere.

Prepare to Foam Frac third stage. Yitrogen tTuck Droke down.
Wait until 11-18-75 to frac. Minerals Management needs to
re~-design frac for 25 BPM and 3600 PSI. Dowell change pump
to E-Head pump to allow for extra pressure. Annulus between
tubing and 4 1/2" casing full, indicating packer and squeezs
job on DV tool is holding.

8:00 a.m. Prepars to frac. Dowell E-Head pump leaking.

Send formew O-rings. 11:00 a.m. Repairs complata. Pump

in 100 gal. regular mud acid. Start frac with sand. 2Zrassure
too high. Drop 5 perf balls - shut dowm to allow pers

balls to drop off of formation, Wait 30 minutes, c¢ontinue
frae, '

FOAM FRAC - THIRD STAGE

Calcium Chloride
Potassium Chloride

Average Injection Rate 23.4 BPM

Average Inj. Rate - Watexw . 4 BPM

Average Inj. Rate - Nitzrogen 7150 sC™

IST? 300 PSIG

Average Treating Pressure 3700 PSIG

Total Fluid 44,000 Gallons

Frac

Breakdown

Plush

Total Nitrogen 324 SCFM

Total Soap

- Soap Rate 2.5 Gal./1000 zal.
Foam Quality .83

Pert Balls 5

Total Sand 20/40 - 29,000 1bs.

10/20 - 7,000 1lbs.
10 MC RA Sand

400 1bs.
7,000 1bs.



11-19

11-20

11-21-73

4:30
5:30

LK

6:00 pm

6:30

:

7:00 pm
8:00 pm

7:30 am
12:Q90 Yoon

4:30 pm

9:30 am

Flow well to atmosphere.

FLOW _BACX - TAIRD STAGE

Flowback

T

24

41:

ime

:00
:00

+30

100
+30
:30
:00
:30

00

30

Choke

18/64
18/64

13/64

10/64
10/ 64
10/64
18/64
13/84

18/64

18/64

Wellhead

Pressure Comments

320 Start flow back

600 Ny, small amounts green dam - choke
plugged

670 Ny, small amounts H20 large amount of
sand, £low back tee downstream. Let
flow to clean up sand

750 Repaired flowback line. Sand dacxreas:
Estimate 400 lbs. sand bac,

690 Ny only

670 N, with small amount HpQ0 fluid racurn
1% bbl.

440 Change choke - wacter returned 15 3bl.

220 Ng, white milky H,0 and small amt. sa:
Fluid rerurned - 34 bbl.

120 N2, gas and Hy0 - no sand. Fluid rer
55 bbls. '

50 No, gas and small amt. HpO Fluid

recoverad - 98 3bl.

Approx. 125 bbl. recovery. Ralease

packer - 18 bbl. annualr fluid drooped to bottom. ALt=mpt

to swab out.

to acid.

pressure buildup.

8:20 a.m. Casing pressurs - 230 psig.

Recover raw acid.
Pull tubing & clean up hole.
20Q' - 200' of foam with gas.

and swab casing to 2300' K3.
Gas estimated at less than 50 MCFD. Drill om
Halliburton bridge plug at 2502' at 11:30 a.m. 3ridge plug

recavered,

probably drilled up befors releasing.

Cannot swab through tubing due

Swab from 2300'. Pulling

Gas gauging 530-60 MCFD. Shut in

Blow well to atmosphere

Small amount of water aad foam

There was no indicatiom

of pressurs buildup when the packer was knocked loosa. Pushed
remainder of plug down hole ac 2:15 pm. Plugged stopped

at 2647' above lowest 5 perforations of the first zone. Water

and foam level increased in the well bore at this =ime. Possibly
was pressured up under the plug and was produced inco the well bore
when the plug was released.

Drilled and bailed to 2544' and left open.



11-22-75

Swabbed casing from 2350' between 3:00 and 10:00 a.m.
Recovered 300'-400' of foam each trip. Drilled and bailed
sand to 26381l'. Allegheny Nuclear Surveys ran Gamma-Ray
from 2680' to PBTD to traca placement of the radicactive
sand during the treatment of the thizd zome. Log indicaszes
treatment was placed in the entire perforated interval with
some migration down the hole. Set Hallibuxton Speed-E-Line
bridge plug at 2410' . Dowall cementer spottad 100 gallons
regular mud acid and £illed hole with fresh watar. Prassurad
up to 1900 psig surface pressure Lo tB3t squeeze job on
D.V. tool. Z2ressure holding indicating ao £fluid migrationm
thraugh the DV tool. Swabbed casing to 2000' and perforatad
with 3 1/8" hollow carrier gun with 10 - .41" Densi-Jets

at the following intarvals: '

2326', 2330', 2335', 2363', 2368', 2373, 2378', 2383', 2388',
2393

Left well open and left location. No gas to surfacs at
this time.

FOURTE STAGE TOAM TRAC

Averzge Injectiom Rate 31.5 BPM

Av., Inj. Rata - Water 6 BPFM

Av. Inj. Rate - Nitrogen 10,350 sSCru

Avg. Treating Pressure 1687 PSIG

ISI? 400 PSIG

Total Fluid ‘ 45,000 Gallcms

Frac 237 Bbls.

Bresdown 69 3bl.

Flush 25 3bl.

Total N¥itrogen 348,000 sCT

Total Soap 23.75 GAllons

Soap Rata . 2.1 gall/1000 gal.

Foam Quality 0.78

Perf 3alls 5 -

Total Sand ' 20/40 - 25,000 1lbs.
10/20 - 15,000 1bs.

Potagsium Chloride 3500 1bs.

Calcium Chlordie 200 1bs.

Well shut in at 300 PSIG. Wait approx. 1l hour until

- equipment is removed and choke and {low line installad.

2:00 p.z. open weall to tanks. Well on vacuum



Data
11-23 2:00
3:00
4:30
5:30
6:30
7:00
7:30
8:30
" 11-24  10:30
11:30
2:30
11-25 9:00

)  11-26-7S

11-28-75

10.

FLOW BACRX - FOURTHE STAGE

Flowback Wellhead

Time Time Choke Pressure Comments

=8 0:00 10/64 20 Pressure dropping onm vacuum

m 1:00 10/64 0 Tacuum

pm 2:30 10/64 0 Small flow - N, only

pm 3:30  18/64 20 Np and 8,0 - nd foam

m 4:30 18/64 210 N2 and H20 - no foam

m 5:00 18/ 64 480 N2 and milky whice H20
No sand racoversd 22 bbl. 220

rm 5:30 18/64 620 Max. rescorded pressure

om 6:30 18/64 580 M2 and 220 - Yo sand

am 20:30 48/64 100 N2 and H20 - 92 bbl. #H20
recovered. Change 18/64 to 48/64

am 21:30 43/64 10 N2 and H20 101 bbl. H20 racovered

pm 24:30 43/64 Q 110 Bbls. H20 recoversd. Disconne:
flow line and tagged sand at 2391’

am 43:00 48/64 0 136 bbl. H20 recovered - gas zauge

34/10 W 1" 61 MCFD

Blow and swab well. Very little fluid recovered

2:00 pm - Clean ocut sand, start drilling om bridges plug

4:30 pm - Bridge plug at 2575' - call for Allegheny to run

Gamma -Ray Tracer

8:30 pm Allagheny on location. Run Gimma-Ray tracer log

to trace radiocactive sand on fourth stage frac. Indications

are little or no migration of frac to third zome frac. °Periosratioms
in Siumbury Shale from 2326' to 2336' probably did not taka

any frac fluid. T.D. at 2679.

Run 2" tubing at 2662'. Attempt to swab tubing. Camnot
get past 9th joiat of tubing. Shut well head in, laave
tubing open. Shut dowm for Thanksgiving.

Well checked by foreman. Foam under rig floor indicating
well had flowed. Wellhead pressure at 30 psig. Well head
built up to 130 psig.



11-29-75

11-30-75

12-1-75

12-2-75

12-4-75

12-5-75

12-4-75

12-7-75

12-8-75

11

Checkaed by foreman. Well had flowed some foam since
11-28-75. Well head at 115 psig.

Well checkad by foreman. Well had flowed some foam.
Shut well in overmight, :

18 Hr. 170 psig. Blow well off. Flow some fcam and water.
Pickup tubing, remove bad tubing joint, run back to 2882
Swab well through tubing. Recover approx. 2 bbl. fluid.
Gas 22/10 W1'" 40 M= with head and tubing to atmosphere.

Swab tubing to bottom. Approx. 2 bbl. fluid out. 1 1/2
hr. opem flow - 16/10 W 1" - 42 ¥ - Leave well opea. Send
rig crew home. '

Bead prassure - 130 psig. Well headlowed some foam out
by itself. Pressure tubing from head and let tubing flow,
probably 1 bbl. fluid recoversd. Gas 16/10 W 1" - 32 4
Saut well in.

¥o check

Head and tubing 49 ar. 2580 psiz. B3low well about 1l har. -
1 bbl. water. Shut well in.

Head and cubing - 48 hr. - 260 psig. Blow well abour 30
min., 20 gal. water. Shut well iz.

18 Hr. 2" tubing bad 170 psig and casing head 195 psig.

Well was blown for a few minutas to detarmine that the well

would blow.
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EXHIBIT NO. 1

MINERALS
MANAGEMENT INC

SUITE 1810, LINCOLN CENTER 3LCG.
1660 LINCOLN STREET

TELEPHONEZ (303) 373.7381
DENVER, COLO. 80203

October 17, 1975

Mr. Charles A. Komar
Project Leader
Stimulation of 0il
and Gas Reservoirs
Morgantown Energy
and Research Center
Collins Ferry Road
Morgantown, West Virginia 26505

Dear Mr. XKomar:

Re: FOAM—FRACR
Kentucky West Virginia Gas
#7239
Nicholas-Combs Lease
Hazard Field
Perry County, Kentucky

The following is an initial completion report con-
cerning the above mentioned well. This report may be
used as additional input for any subsequent planning in
the stimulation of shale sequences at 2368-2402'KB,
2410-2495'KB, 2500-2575'KB and 2585-2680'KB.

The 300+ foot difference in elevations of the total
gross interval will not have a major effect on design
or well head pressure predictions. Therefore, I have
concerned mysalf with presenting various aspects of treat-
ment design and have enclosed my recommendations for
treating the lowest interval at 2585-2680'KB.

Our proposed frac job is a 44,500 gallon, 75 gquality
foam treatment pumped at 35bpm with 47,000 # of 20/40 sand.
Assuming the resulting fracture is vertically oriented,

60 to 70 feet high, and Young's modules of elasticity at
4.39+E6psi, the calculated penetration of the shale sequence

is 1800-2100 feet and should realize a calculated productivity
ratio of 8.3.



Mr. Xomar S Octocber 17,

The proposed pumping schedule is:

1. 4,000 gal. pad

2. 2,000 gal. & 0.5 pp9g.
3. 2,000 gal. @ 1.0 ppg.
4. 35,000 gal. @ 1.25 ppg.
5. 1,500 gal. flush ‘

The estimated surface treating pressure thru 4.5
inches, 10.5% casing is 1400 psig, assuming 1000 psig
bottomhole treating pressure and 200 psid drop across
12-0.42 inch perforations.

The estimated cost of this treatment, excluding

acid and my personal out-of-pocket expenses 1is $10,000
and includes the following:

Dowell $6,000
_ Aircowell $3,200
MMI (fee) S 800

The invoice of Minerals Management, Inc., will
include a Foam—Frac fee with a minimum daily field
supervision charge plus out-of-pocket expenses. The
fee is S600 plus 7.5% of Dowell's and Aircowell's final
invoice over $6,000. The entire schedule is included
with this letter. The minimum field supervision rate
is $225 per day. Estimated out-of-pocket expenses will
include $130 airfair and approximately $20/day car rental,
$§20/day motel plus,K food. '

The completion of all four zones should take 13 days
i1f only minor problems should occur. I recommend an AFE
of 17 to 20 days to account for all but major mechanical
problems which may occur.

Additional comments are enclosed with this letter
for your information.

I hope that you will find this information beneficial
and, shculd we need additional input please advise.

Sinderely,

e e

Herschel F. Vadghn
Petroleum Engineer
Special Services
RFv/1lc
cc: XKentucku West Virginia GAas =

1875
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RECOMMENDED COMPLETION PROCEDURE

Page 1.

First Day

A. Rig up service unit.

B. Run cement bond log from PBTD to surface, if
warranted.
C.  Prepare well for perforating.

l. Check PBTD with sinker bar and jars and
flag sand line.

2. Swab casing to PBTD.

3. Spot 100 gals.~-150 feet of 7% HCL acid
over zone of interest at 2535-2680'KB.

4. Spot 200 gals.~-300 feet of water on top of
acid to clean perforator's wireline.

: D. Perforate.

l. Run gamma-ray, casing collar log for depth
control.

2. Perforate selectively for limited entry. The
number, size, and depth of perforations have
not been determined.

3. Hollow carrier gun recommended.
4. Capsule jet perforating charges are recommended.

5. 0.42 inch diameter perforations are recommended
over 0.38 inch because of better stand-off.

6. Positive location of perforations will probably
not be able to be located by running the CCL,

however, it should be re-run and recorded for
records.

D. Shut in well for pressure build-up.

A. Check and record well head pressure.

B. Swab casing for breakdown, depending om various
- methods noted.

o 1. Swab casing dry and spot 300 gals. 7% HCL acid.
2. Swab water off acid and spot 200 gals. of 7% HCL acid.
3. Swab casing dry and clean perforations dry.
. Breakdown.
l. Start foam at designated rate.
2. Pump for one minute past stablized pressure.

3. Shut-down, observe 30 minute shut-in, calculate
bottom hole treating pressure and redesign treat-
ment If necessarn 7



Third Day

A.

Fourth Day

a.

RECOMMENDED COMPLETION PROCEDURE

Page 2.

. . R ,
Stimulate with Foam-Frac as per design.

Shut in after treatment.
l. Record shut-in pressures for a minimum of 30 minutes.
2. Rig up flow back apparatus.

a. Pressure gauge or recorder.

b. Positive choke with assorted sizes of 6 inch
positive bean nipples.

c. Flow line to tank if liquid recovery is to be
measured and recorded.

3. Start flowback immediately if warranted, if not
start after fracturing service companies have
rigged down and left location.

Flowback.
1. Start flowback on 10/64" choke.
2. Record pressures and observations.

3. Change choke sizes depending on flowback response.

4. Plowback overnight.

Flowback.
1. Continue recording pressures and observations.
2. Measure gas flow rates.

3. Decide if stimulation on next interval uphole can occur
the following day.

Check casing fillup.

1. Run sinker bar and jars to check PBTD for frac sand
fillup.

2. Sand pump if removal of sand from rathole is deemed
necessary. J~Note: This operation may be postponed
to the fourth day if the amount of flow makes sand
pumping difficult.

Zone isolation.

1. Run in, lubricate if necessary, wireline frac baffle
packer and set between zones of interest at 2585~
2680'KB and 2500-2757'KB.

2. Exact depth of baffle will depend on casing collars
and perforations present and planned.

&



RECOMMENDED COMPLETION PROCEDURE

Page 3

B. Perforate 2500-2575'K3B.
1. Perforate selectively (see First Day #D).
2. Perforate dry.

3. May need to lubricate hollow carrier gun for well
control.

C. Breakdown.

l. Drop frac ball and allow to seat.
2. Pump 300 gals. 7% HCL acid.

3. After acid, switch to water and start nitrogen
to generate foan.

4. Follow procedure Second Day #C.
D. Stimulate with Foam-FracR as per design.

E. Shut in and flow back is same as on Second Day #E
and F.

Fifth Day

A. Plow back as on Third Day #A.

Sixth Day
A. Spud on frac baffle packer and push to bottom.

B. Check final PBTD for fillup.

cC. Clean out rathole 1f necessary.

Seventh Day

A. Repeat Fourth Day thru Sixth Day and continue up hole.

NOTE: The estimated total lapsed completion time is 13 days
for four zones, without problems. Recommended time of
17 to 20 days should be planned and budgeted.



LIMITED ENTRY
Page 1.

Calculations for the pressure drop across limited
entry perforations are derived from Bernoull's mass
balance. The derived eguation is included on two enclosed
graphs showing its determinations at various foam rates
of 0.7, 0.75, and 0.80 quality foams. The plot shows the
pressure drop across one-0.42 in. or one-0.38 in. perfor-
ation. This should help determine the number of perforations
required for completioa.

The pressure drops predicted by this equation are
accurate up to 200-300 psid. Above this range, the
equation predicts too high a drop for foam. This error
in predicting pressure loss becomes critical in the determ-
ination of surface treating pressures.

The major effect of high limited entry differentials
in this particular well is caused by the relative change
in pressure encountered by the foanm before entering the

perforations. A comparison of data will illustrate:

Assume 59 bpm of 75 quality foam at 1.25 ppg of
sand is needed at 1000 psid fracturing pressure.
If the Fracture is 70' high, the calculated width
will be 0.203 inches wide and the effective slot
viscosity of the foam is 40 cp.

Now note Ehe differences inside the casing, at the perfor-

ations if a 0 and 840 psid pressure drop is imposed.

‘Pressure drop (psid) ] 840 %change
Pressure in casing (psid) 1000 1840 +84
Foam‘quélitg .75. .624 -17
Effective viscosity (cp) 21 17 -19
Sand concentration (ppg) 1.25 1.88 +50

The major effect is two fold, the gquality is in a low,
unfamiliar range which we attempt to avoid and the sand

cuncentration has increased by 50%.

/ C



LIMITED ENTRY
Page 2

This has not taken into account the possibility of
perforations still not opened. At this level, one or
two closed perforations will dramatically increase
the downhole pressure and result in a screen out!

7 We bave-previously used limited entry pressures
in the order of 800 psid but in all cases the fracture
pressure was 5,000-8,000 psig and the increase did not
effect the gquality, effective viscosity, or sand con-
centration to this degree.

The design presented is at 35 bpm with only 200 psid
across the perforations. This will allow the first
treatment to be accomplished without the above mentioned
problem occuring. If the first job is successful,
indicating that foam is a viable treatment in this geo-
logic environment we can then increase rates and attempt

jobs nearer our original conception.
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PRESSURE DROP ACROSS ONE PERFORATION
AT VARIOUS RATES

( Q.42-inch Perforation
= 8.44 ppg liquid base

NOTE :

A —

equation APpr = pg?

8090 A%
o= density of foam (ppg)

g= rate (gpm)
Amarea (sq.in.)

RbP

coefficient of discharge = 0.82
calculated pressure drops above
200-300 psid are higher than
actual for foam.
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PRESSURE DROP ACROSS ONE PERFORATION
AT VARIOUS RATES

¢ 0.38 inch Perforation
! 8.44 ppg ligquid base

AN M Z.
) i gy paiioeatubtge: Somysp S
NOTE:
equation AP = pg?
pf Lt

5 8090 a¢
3 p = density of foanm {ppg)
~ g = rate (gpm)
2 A = area (sq.in.)

Coefficient of discharge = 0.82
Calculated pressure drops above
200-300 psid are higher than
actual for foam.
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WELLHEAD TREATING PRESSURES

Enclosed next are thirteen computer runs calculat-
ing wellhead treating pressures using various rates and
limited entry perforations. The range of pressures in
all cases are well within the safety limits of 4.5 in.,
10.5 1b. casing. The data from these calculations are
summarized on the following page. The downhole quality
is predicted mainly on 1000 psig downhole treating pressure,
with other assumptions outlined on the computer print-
outs. The correct downhole treating pressure will Dbe
determined after each respective breakdown just prior

to the treatment.
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' FOAM-FRAC Ty SERVICE

Minerais Management, Inc., offers unit responsibility when fracturing
a well with foam - from initial technical sales presentaticn thru final report and
invaice for the total job. Minerals Management, Inc., alone has designed all
- successful Foam-Frac's TM to date. This experience and expertise is applied
‘ throughout cur FOAM-FRAC T\ SERVICE which includes:

‘e Initial technical presentation

. Initiai cost e;timates

° Total engineering of the frac treatment

. Coordination and contracting nitrogen, pumping trucks, surfactant,

propping agent

° On site supervision by Minerals Management, Inc.. field engineer
to assure frac is performed as designed

[ Minerals Management, Inc., supervisor in charge assures unit respon-
sibility for the total effort

e Final report and invoice

Our goal is to provide our client the best, most profitable well stimulation pos-
sible with FOAM-FRAC T\

- FOAM-FRACT) - FEE SCHEDULE

$ 6,000 or less $ 600.00 Minimum

$6,000-17,000 $ 600.00 + 7.5% in excess of $6, 000
$17,000 - 25,000 $1,425.00 + 6% in excess of $17,000
$25,000 and up ~$1,905.00 + 3% in excess of $25,000

. MINERALS MANAGEMENT, INC.
April 24, 1974
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